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Disclosed is a method and an apparatus for backlight control
and a display device. The apparatus comprises: a block
brightness module for calculating an initial brightness value
of each backlight block in a backlight source according to
initial image data; a filtering module for performing spatial
filtering and temporal filtering on the initial brightness value
of each backlight block to obtain an adjusted brightness
value of each backlight block; a control module for gener-
ating a brightness control signal according to the adjusted
brightness value of each backlight block to adjust brightness
of the backlight source. An intermediate brightness value of
each backlight block is no less than the initial brightness
value of that backlight block. Based on backlight adjustment
for reducing power consumption, display effect reduction on
a portion of image due to uneven brightness of the portion
of the image during the spatial filtering is avoided.
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METHOD AND APPARATUS FOR
BACKLIGHT CONTROL AND DISPLAY
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority to Chinese Patent
Application No. 202111657184.5, filed on Dec. 31, 2021,
entitled by “METHOD AND APPARATUS FOR BACK-
LIGHT CONTROL AND DISPLAY DEVICE”, and pub-
lished as CN114420059A on Apr. 29, 2022, which is incor-
porated herein by reference in its entirety.

TECHNICAL FIELD

The present disclosure relates to a technical field of
display control, in particular to a method and an apparatus
for backlight control and a display device.

BACKGROUND

A liquid crystal display device, belonging to non-autono-
mous light-emitting display devices, can provide a light
source to a display panel by using a backlight source, and
realize image display by turning over liquid crystal particles
in the display panel.

The backlight source in the liquid crystal display device
in the prior art has constant brightness. When grayscale
values of an input image are zero, the display panel will still
have a certain light transmittance even under a full-off state,
and then light leakage of liquid crystal will occur, which will
increase the brightness of dark content of a display image,
resulting in poor display effect and high power consumption.

SUMMARY

To solve the above technical problems, the present dis-
closure provides a method and an apparatus for backlight
control and a display device, to reduce power consumption
and improve display effect.

According to a first aspect of the present disclosure, an
apparatus for backlight control is provided, and comprises:

a block brightness module, configured to calculate an
initial brightness value of each of backlight blocks in a
backlight source according to initial image data;

a filtering module, connected to the block brightness
module and configured to perform spatial filtering process-
ing and temporal filtering processing on the initial brightness
value of each of the backlight blocks to obtain an adjusted
brightness value of each of the backlight blocks; and

a control module, connected to the filtering module and
configured to generate a brightness control signal according
to the adjusted brightness value of each of the backlight
blocks to control a backlight source drive circuit to adjust
brightness of the backlight source.

wherein an intermediate brightness value of each of the
backlight blocks obtained after the filtering module performs
the spatial filtering processing on the initial brightness value
of that backlight block is greater than or equal to the initial
brightness value of that backlight block.

Optionally, the filtering module comprises:

a spatial filtering unit, configured to perform Gaussian
filtering processing on the initial brightness values of back-
light blocks positioned around each of the backlight blocks
to obtain a filtered brightness value of that backlight block,
and to take a larger one of the initial brightness value and the
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filtered brightness value of that backlight block as the
intermediate brightness value of that backlight block.

Optionally, the filtering module further comprises:

a temporal filtering unit, configured to obtain the adjusted
brightness value of each of the backlight blocks according to
the intermediate brightness value of that backlight block in
a current frame, the adjusted brightness value of that back-
light block in a previous frame, and a smoothness parameter,

wherein the smoothness parameter is related to a first
threshold value, a second threshold value, and a mean
absolute difference value of the intermediate brightness
values of each of the backlight blocks in images of adjacent
frames.

Optionally, the apparatus for backlight control further
comprises:

a pixel brightness module, connected to the filtering
module and configured to calculate an adjusted brightness
value of a pixel in each of the backlight blocks according to
the adjusted brightness value of each of the backlight blocks;
and

a compensation module, connected to the pixel brightness
module and configured to obtain compensated image data
according to the initial image data, the adjusted brightness
value of the pixel, and an initial brightness value of the pixel,
wherein the compensated image data matches with the
adjusted brightness value of the pixel.

Optionally, the pixel brightness module comprises:

a photographing unit, configured to obtain light diffusion
data of the backlight source;

a sampling unit, configured to downsample the light
diffusion data to generate downsampled data;

a storage unit, connected to the sampling unit and con-
figured to store the downsampled data; and

a first calculation unit, connected to the storage unit and
the filtering module, respectively, and configured to
upsample the downsampled data being stored to generate
upsampled data, and to perform convolution operation on
the upsampled data with the adjusted brightness value of
each of the backlight blocks of the backlight source, so as to
obtain the adjusted brightness value of the pixel in each of
the backlight blocks.

Optionally, the block brightness module comprises:

a block region analysis unit, configured to divide an initial
image into a plurality of non-overlapped block regions
corresponding to the backlight blocks of the backlight
source, respectively;

a second calculation unit, configured to calculate a gray-
scale value of each pixel in each of the plurality of block
regions, to mark a maximum grayscale value of each of the
plurality of block regions, and to calculate an average
grayscale value of each of the plurality of block regions,
wherein the grayscale value of each pixel is a maximum
grayscale value of subpixels in that pixel; and

a third calculation unit, configured to obtain a grayscale
value of each of the plurality of block regions according to
the maximum grayscale value of each of the plurality of
block regions, the average grayscale value of each of the
plurality of block regions, and a balance parameter, and to
obtain the initial brightness value of each of the backlight
blocks corresponding to a corresponding one of the plurality
of block regions according to the grayscale value of the
corresponding one of the plurality of block regions.

According to a second aspect of the present disclosure, a
method for backlight control is provided, and comprises:

calculating an initial brightness value of each of the
backlight blocks in a backlight source according to initial
image data;
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performing spatial filtering processing and temporal fil-
tering processing on the initial brightness value of each of
the backlight blocks to obtain an adjusted brightness value
of each of the backlight blocks; and

generating a brightness control signal according to the
adjusted brightness value of each of the backlight blocks, so
as to adjust brightness of the backlight source,

wherein an intermediate brightness value of each of the
backlight blocks obtained after the spatial filtering process-
ing is performed on the initial brightness value of that
backlight block is greater than or equal to the initial bright-
ness value of that backlight block.

Optionally, the step of performing spatial filtering pro-
cessing on the initial brightness value of each of the back-
light blocks comprises:

performing Gaussian filtering processing on the initial
brightness values of backlight blocks positioned around each
of the backlight blocks to obtain a filtered brightness value
of that backlight block; and

taking a larger one of the initial brightness value and the
filtered brightness value of each of the backlight blocks as
the intermediate brightness value of that backlight block.

Optionally, the step of performing temporal filtering pro-
cessing on the initial brightness value of each of the back-
light blocks comprises:

obtaining the adjusted brightness value of that backlight
block according to the intermediate brightness value of that
backlight block in a current frame, the adjusted brightness
value of that backlight block in a previous frame, and a
smoothness parameter,

wherein the smoothness parameter is related to a first
threshold value, a second threshold value, and a mean
absolute difference value of the intermediate brightness
values of each of the backlight blocks in images of adjacent
frames.

Optionally, the method for backlight control further com-
prises:

calculating an adjusted brightness value of a pixel in each
of the backlight blocks according to the adjusted brightness
value of each of the backlight blocks; and

obtaining compensated image data according to the initial
image data, the adjusted brightness value of the pixel, and an
initial brightness value of the pixel, wherein the compen-
sated image data matches with the adjusted brightness value
of the pixel.

Optionally, the step of calculating an adjusted brightness
value of a pixel in each of the backlight blocks according to
the adjusted brightness value of each of the backlight blocks
comprises:

obtaining light diffusion data of the backlight source;

downsampling the light diffusion data to generate down-
sampled data;

storing the downsampled data; and

upsampling the downsampled data being stored to gen-
erate upsampled data, and performing convolution operation
on the upsampled data with the adjusted brightness value of
each of the backlight blocks of the backlight source, so as to
obtain the adjusted brightness value of the pixel in each of
the backlight blocks.

According to a third aspect of the present disclosure, a
display device is provided and comprises:

a display panel;

a backlight source, configured to provide a light source for
the display panel;

a backlight source drive circuit, configured to drive the
backlight source; and
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the apparatus for backlight control according to embodi-
ments of the present disclosure.

The apparatus for backlight control provided by the
present disclosure is configured to generate a backlight
control signal according to input initial image data, and
control the backlight source drive circuit by the backlight
control signal to reduce the brightness of the backlight
source, thereby improving display effect and reducing power
consumption. Moreover, in a backlight control mode of the
present disclosure, an intermediate brightness value of a
backlight block obtained after the spatial filtering processing
is performed on the initial brightness value of the backlight
block is greater than or equal to the initial brightness value
of the backlight block, such that reduction of display effect
of a portion of an image due to uneven brightness of the
portion of the image during the spatial filtering processing
may be avoided, on the basis of reducing power consump-
tion by adjusting backlight.

It should be noted that the general description above and
the detailed description below are only exemplary and
explanatory, and cannot limit the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a schematic structural diagram of an appa-
ratus for backlight control provided according to a first
embodiment of the present disclosure;

FIG. 2 shows a schematic structural diagram of an appa-
ratus for backlight control provided according to a second
embodiment of the present disclosure;

FIG. 3 shows a schematic structural diagram of a pixel
brightness module in an apparatus for backlight control
provided according to the present disclosure;

FIG. 4 shows a schematic structural diagram of a block
brightness module in the apparatus for backlight control
provided according to the present disclosure;

FIG. 5 shows a schematic waveform diagram of a spatial
filtering unit of a filtering module in the apparatus for
backlight control provided according to the present disclo-
sure;

FIG. 6 shows a schematic waveform diagram of pixel
grayscale compensation in the apparatus for backlight con-
trol provided according to the present disclosure; and

FIG. 7 shows a flowchart of a method for backlight
control provided according to a third embodiment of the
present disclosure.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

For the convenience of understanding the present disclo-
sure, the present disclosure will be more comprehensively
described below with reference to the relevant accompany-
ing drawings. The preferred embodiments of the present
disclosure are shown in the accompanying drawings. How-
ever, the present disclosure may be implemented in different
forms, and is not limited to the embodiments described
herein. On the contrary, the objective of providing these
embodiments is to make a more thorough and comprehen-
sive understanding of the content provided by the present
disclosure.

In general, a liquid crystal display device at least com-
prises a main control circuit, a display drive circuit, a
backlight source drive circuit, a display panel, and a back-
light source. Herein, the display panel comprises a pixel
array, data lines and scan lines connected to the pixel array.
The display drive circuit is configured to drive one of the



US 12,165,603 B2

5

data lines and one of the scan lines to write initial image data
into a corresponding pixel. The backlight source is config-
ured to provide a light source to the corresponding pixel, and
the backlight source drive circuit is configured to drive the
backlight source to provide the light source. Herein, the
backlight source may be, for example, integrated in the
display panel.

An apparatus for backlight control is provided in the
present disclosure, such that a backlight control signal is
generated according to input initial image data by means of
a backlight control technology, and the backlight source
drive circuit is controlled by the backlight control signal to
reduce brightness of the backlight source, thereby improving
display effect and reducing power consumption. Further, the
apparatus for backlight control provided by the present
disclosure also compensates the initial image data according
to the adjusted brightness of the backlight source to obtain
compensated image data matching with the adjusted bright-
ness of the backlight source, thereby keeping the brightness
of a display image unchanged after grayscale compensation,
and improving the contrast.

In following descriptions, a direct type backlight source,
of which the backlight brightness is under control, is taken
as an example.

FIG. 1 shows a schematic structural diagram of an appa-
ratus for backlight control provided according to a first
embodiment of the present disclosure. Referring to FIG. 1,
the apparatus 100 for backlight control comprises a block
brightness module 110, a filtering module 120, and a control
module 140. The block brightness module 110 calculates an
initial brightness value bl(i, j) of each backlight block in a
backlight source according to initial image data (data). The
filtering module 120 is connected to the block brightness
module 110 to receive the initial brightness value bl(i, j) of
each backlight block, and is configured to perform spatial
filtering processing and temporal filtering processing on the
initial brightness value bl(i, j) of each backlight block, so as
to obtain an adjusted brightness value 1tf(i, j) of each
backlight block. The control module 140 is connected to the
filtering module 120 and is configured to generate a bright-
ness control signal ctrl according to the adjusted brightness
value Itf(i, j) of each backlight block to control a backlight
source drive circuit to adjust the brightness of the backlight
source. Further, an intermediate brightness value 1sf(i, j) of
the backlight block obtained after the filtering module 120
performs the spatial filtering processing on the initial bright-
ness value bl(i, j) of each backlight block is greater than or
equal to the initial brightness value bl(i, j) of that backlight
block. On the basis of reducing the power consumption by
adjusting backlight, reduction of display effect of a portion
of an image due to uneven brightness of the portion of the
image during the spatial filtering processing may be
avoided. Herein, the backlight source comprises m*n non-
overlapped backlight blocks. Further, for example, the back-
light source is evenly divided into m*n backlight blocks,
where O<i<m, and Osj<n.

Further, the filtering module 120 comprises a spatial
filtering unit 121 and a temporal filtering unit 122. The
spatial filtering unit 121 is configured to perform Gaussian
filtering processing on the initial brightness values bl(i, j) of
the backlight blocks positioned around each backlight block
to obtain a filtered brightness value of that backlight block,
and to take a larger one of the initial brightness value bl(i,
j) and the filtered brightness value of that backlight block as
the intermediate brightness value Isf(i, j) of that backlight
block. Furthermore, the spatial filtering unit 121 is, for
example, selected from a non-linear low-pass filter, and the
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intermediate brightness value, which can be expressed by
Isf(i,j)=max(bl(ij), 2,2, " sf(p.q)*bl(p,q), of the
backlight block is obtained via processing of the non-linear
low-pass filter, where szof' quZOf' L sf(p,q)*bl(p,q) is a fil-
tered backlight value of that backlight block, and sf(*) is a
Gaussian filter of f*f. Specifically, the filtered brightness
value of each backlight block refers to a sum obtained after
the backlight blocks positioned around that backlight block
are respectively subjected to the Gaussian filtering. In this
embodiment, f is set to be equal to 7, and the backlight
blocks positioned around a backlight block may comprise a
group of 7*7 backlight blocks centered on that backlight
block. It should be noted that when a backlight block
positioned in an edge region cannot obtain a group of 7*7
backlight blocks centered on that backlight block, a missing
backlight block in the group of backlight blocks can be
substituted with another backlight block having a mirror
image positional relationship therewith. The intermediate
brightness value 1sf(i,j) of each backlight block is selected
from the larger one of the initial brightness value bl(i, j) and
the filtered brightness value of that backlight block. Herein,
FIG. 5 shows a schematic waveform diagram of the spatial
filtering unit of the filtering module in the apparatus for
backlight control provided according to the present disclo-
sure. Referring to FIG. 5, “a” represents a distribution of the
initial brightness values of a part of the backlight blocks
before the spatial filtering. In this portion of the image, there
is a backlight block with high brightness in a region where
surrounding backlight is 0. “b” represents a distribution of
the intermediate brightness values of the part of the above
backlight blocks after the spatial filtering. Compared to
before the spatial filtering, the brightness value of any one
of the backlight blocks is not reduced, and uneven artifacts
(halo) may be reduced through the spatial filtering process-
ing according to the present disclosure.

Further, the temporal filtering unit 122 is configured to
obtain the adjusted brightness value Itf(i, j) of each backlight
block according to the intermediate brightness value Isf(i, j)
of that backlight block in a current frame, the adjusted
brightness value of that backlight block in a previous frame,
and a smoothness parameter R, wherein the smoothness
parameter R is related to a first threshold value thl, a second
threshold value th2, and a mean absolute difference value
msd of the intermediate brightness values of each backlight
block in images of adjacent frames. Furthermore, the tem-
poral filtering unit 122 is selected from, for example, an
infinite impulse response (IIR) filter which is self-adaptive
according to a scene, and the adjusted brightness value,
which can be expressed by (=R 1sf®q,j)+
(1-R)1tf%(i,j), of each backlight block is obtained via
processing of the IR filter, where 1tf*)(i,j) represents the
intermediate brightness value of that backlight block in the
current frame, and 1tf*)(i,j) represents the adjusted bright-
ness value of that backlight block in a previous frame. The
smaller the smoothness parameter R is, the smoother the IIR
filter is, and the less easily the flicker artifacts can be
detected. However, if the smoothness parameter R is too
small, the change of the backlight brightness of the backlight
source will delay when an image signal changes, and it is
more serious especially when a scene changes suddenly.
Further, in this embodiment, R=clip(r-msd, th1, th2),r<1, the
first threshold value thl<l, the second threshold value
th2<1, and between images of adjacent frames, the mean
absolute difference value of the intermediate brightness
values of the backlight blocks is
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where 1sf%'’(1,j) represents the intermediate brightness
value of each backlight block in the current frame, r-msd
represents that the smoothness parameter R has a linear
relationship with the mean absolute difference value msd of
the intermediate brightness values of the backlight blocks in
images of adjacent frames, and the mean absolute difference
value msd of the intermediate brightness values of the
backlight blocks in images of adjacent frames is mapped
into a range O to 1 of the smoothness parameter R. Through
the temporal filtering processing in the present disclosure,
the backlight brightness of the backlight source may be
controlled to change rapidly when a scene changes signifi-
cantly, otherwise, the backlight brightness of the backlight
source is controlled to change smoothly and gradually to
avoid the flicker artifacts of the backlight.

FIG. 2 shows a schematic structural diagram of an appa-
ratus for backlight control provided according to a second
embodiment of the present disclosure.

Referring to FIG. 2, the apparatus 200 for backlight
control is additionally provided with a pixel brightness
module 130 and a compensation module 250 according to
the apparatus 100 for backlight control. Therefore, related
content of the modules in the apparatus 200 for backlight
control which are same as those in the apparatus 100 for
backlight control will not be repeated here.

The pixel brightness module 130 is connected to the
filtering module 120 and is configured to calculate an
adjusted brightness value blpixel of a pixel in each backlight
block according to the adjusted brightness value 1tf(i, j) of
that backlight block.

The compensation module 250 is connected to the pixel
brightness module 130 and is configured to obtain compen-
sated image data DATA according to the initial image data
(data), the adjusted brightness value blpixel of the pixel, and
an initial brightness value BLpixel of the pixel, wherein the
compensated image data DATA matches with the adjusted
brightness value blpixel of the pixel, and the initial bright-
ness value BLpixel of the pixel is, for example, a maximum
backlight brightness value.

Further, FIG. 3 shows a schematic structural diagram of
the pixel brightness module in the apparatus for backlight
control provided according to the present disclosure. Refer-
ring to FIG. 3, the pixel brightness module 130 comprises a
photographing unit 134, a sampling unit 131, a storage unit
132, and a first calculation unit 133. The photographing unit
134 is configured to obtain light diffusion data of the
backlight source. The sampling unit 131 is connected to the
photographing unit 134 and is configured to downsample the
light diffusion data of the backlight source to generate
downsampled data. The storage unit 132 is connected to the
sampling unit 131 and is configured to store the down-
sampled data. The first calculation unit 133 is connected to
the storage unit 132 and the filtering module 120, respec-
tively, and is configured to upsample the stored down-
sampled data to generate upsampled data, and to perform
convolution operation on the upsampled data with the
adjusted brightness value 1tf(i, j) of each backlight block of
the backlight source to obtain the adjusted brightness value
blpixel of the pixel in each backlight block. It should be
noted that an ideal backlight dimming state diagram is
obtained after the adjusted brightness value Itf(i, j) of each
backlight block is obtained. However, since light emitted by
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the backlight source towards the display panel may be
diffused, it is necessary to simulate real distribution of
backlight, generated on the liquid crystal display panel by
the backlight blocks in the backlight source, in the ideal light
state diagram, so as to determine the adjusted brightness
value blpixel of each pixel. Since a light diffusion function
generated by a single backlight block is consistent with a
resolution of the display panel, when the light diffusion
function generated by the single backlight block is multi-
plied by the adjusted brightness value 1tf(i, j) of the corre-
sponding backlight block, it is necessary to perform a
number (equal to the number of pixels in the display panel)
of multiplications and then perform superposition on a
number (equal to the number of the blacklight blocks) of
high-resolution images. The above calculation has high
requirements on calculation complexity capability of the
pixel brightness module and the memory. The pixel bright-
ness module 130 provided according to the present disclo-
sure is improved on this basis. Further, when the real
backlight distribution generated by a single backlight block
is analyzed, and the light diffusion data thereof is only
distributed in a limited region. Therefore, in this embodi-
ment, a region Z1, with a neighborhood size of U*V units
(each unit has a size of the backlight block), of the single
backlight block is selected, and the pixel resolution of the
region Z1 is U%*zoneNum,*V*zoneNum,, where
zoneNum, *zoneNum,, is the resolution of the backlight
block. The sampling unit 131 is configured to downsample
the region Z1 to obtain a region Z2, and the light diffusion
data of the region Z2 is stored in the storage unit 132. Then,
when the third calculation unit 133 calculates the adjusted
brightness value blpixel of each pixel of the display panel in
real time, it upsamples the region Z2 first to obtain a region
Z.3. Next, the adjusted brightness value blpixel of each pixel
is calculated according to the light diffusion data of the
region Z3. In this way, both the calculation complexity and
a required memory size may be reduced to a realizable
extent, and the obtained adjusted brightness value blpixel of
each pixel is more accurate.

Further, after the adjusted brightness value blpixel of each
pixel on the display panel is obtained via the pixel brightness
module 130, each pixel is subjected to grayscale compen-
sation via the compensation module 250, to keep the display
brightness of each pixel constant before and after perform-
ing local dimming and dynamic backlight processing. Spe-
cifically, FIG. 6 shows a schematic waveform diagram of
pixel grayscale compensation in the apparatus for backlight
control provided according to the present disclosure. Refer-
ring to FIG. 6, it is assumed that the adjusted backlight of the
backlight source is reduced to 60% of a full backlight in
brightness, and the pixel grayscale in the initial image data
needs to be compensated from the grayscale value GL of the
initial image data to a grayscale value GL' of the compen-
sated image data, to keep the display brightness of the pixel
unchanged after the backlight source is reduced in bright-
ness. Herein, in this embodiment, taking an image with 8
bits as an example. Since the display brightness of the pixel
remains constant before and after performing local dimming
and dynamic backlight processing, following quantitative
relationship may be established:

GLY GL'Y
BLpixel-(—) = blpixel-(—) .
255 255
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Then a compensation coefficient

¢ min (BLpzxel)% 255
bipixel ) ~ GL

of grayscale compensation is obtained, that is, GL'=GL-,
wherein linear compensation is used in the compensation
module to obtain the compensated image data DATA. For
RGB (red, green, and blue) images, grayscale values of three
components of RGB of the pixel are simultaneously multi-
plied by the compensation coefficient { during the grayscale
compensation, because after the three components RGB are
multiplied by one coefficient £, chromaticity and color
saturation remain unchanged, and only the brightness
changes by C times.

FIG. 4 shows a schematic structural diagram of the block
brightness module in the apparatus for backlight control
provided according to the present disclosure.

Referring to FIG. 4, an implementation of a block bright-
ness mode in the first embodiment and/or the second
embodiment is shown. The block brightness module 110
comprises a block region analysis unit 111, a second calcu-
lation unit 112, and a third calculation unit 113. The block
region analysis unit 111 is configured to divide the initial
image data (data) into a plurality of non-overlapped block
regions corresponding to the backlight blocks of the back-
light source. The second calculation unit 112 is configured to
calculate a grayscale value of each pixel in each block
region, to mark a maximum grayscale value GL,,,.(i, j) of
each block region, and to calculate a mean grayscale value
GL,,.(, ) of each block region, wherein the grayscale value
of each pixel is a maximum grayscale value of the grayscale
values of subpixels in that pixel. The third calculation unit
113 is configured to obtain a grayscale value GL(i, j) of each
block region on the basis of the maximum grayscale value
GL,,...(1, j) of each block region, the mean grayscale value
GL,,, (i, j) of each block region, and a balance parameter k,
and to obtain the initial brightness value bl(i, j) of the
backlight block corresponding to each block region on the
basis of the grayscale value GL(i, j) of each block region.
Furthermore, the block region analysis unit 111 performs
division, for example, uniform division, to obtain the plu-
rality of block regions. The grayscale value GL (i,
D=k-GL,,. (i, )+H1-k)-GL,,(i,j) of each block region is
obtained by the third calculation module 113. Herein, the
balance parameter k is a value between 0 and 1, and the
balance parameter k is generally close to 1, to prevent
excessive overflow from occurring on pixels with high
brightness after grayscale compensation. In this embodi-
ment, the balance parameter k is, for example, 0.9. In other
embodiments, the second calculation module 112 takes, for
example, an average grayscale value of the subpixels of each
pixel as the grayscale value of that pixel.

It should be noted that the modules and units described
above maybe implemented by any one of hardware, firm-
ware or software, or a combination thereof. For example, the
modules and units can all be implemented by hardware, for
example implemented by circuit. Or, in some embodiments,
all the modules and units can be implemented by software as
program modules or set of instructions. Therefore, the
apparatus as a whole may be implemented as programs
stored in a non-transitory memory. Or, in some embodi-
ments, according to application scenarios, parts of the mod-
ules and units can be implemented by software and parts of
the modules and units can be implemented by hardware or
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firmware. In that case, the apparatus as a whole may be
implemented as a device with hardware (circuit) and storage
medium.

FIG. 7 shows a flowchart of a method for backlight
control provided according to a third embodiment of the
present disclosure.

Referring to FIG. 7, the method for backlight control
comprises following steps:

Step S110: calculating an initial brightness value of each
backlight block in a backlight source according to initial
image data. Further, the method comprises: dividing an
initial image into a plurality of non-overlapped block
regions corresponding to the backlight blocks of the back-
light source, respectively; calculating a grayscale value of
each pixel in each block region, marking a maximum
grayscale value of each block region, and calculating an
average grayscale value of each block region, wherein the
grayscale value of each pixel is a maximum grayscale value
of grayscale values of subpixels in that pixel; and obtaining
a grayscale value of each block region according to the
maximum grayscale value of each block region, the average
grayscale value of each block region, and a balance param-
eter, and obtaining an initial brightness value of the back-
light block corresponding to each block region according to
the grayscale value of that block region.

Step S120: performing spatial filtering processing and
temporal filtering processing on the initial brightness value
of each backlight block to obtain an adjusted brightness
value of each backlight block, wherein an intermediate
brightness value of each backlight block obtained after the
spatial filtering processing is performed on the initial bright-
ness value of that backlight block is greater than or equal to
the initial brightness value of that backlight block. Further,
the step of performing spatial filtering processing on the
initial brightness value of each backlight block comprises:
performing Gaussian filtering processing on initial bright-
ness values of backlight blocks positioned around that
backlight block to obtain a filtered brightness value of that
backlight block; and taking a larger one of the initial
brightness value and the filtered brightness value of that
backlight block as the intermediate brightness value of that
backlight block. The step of performing temporal filtering
processing on the initial brightness value of each backlight
block comprises: obtaining the adjusted brightness value of
that backlight block according to the intermediate brightness
value of that backlight block in a current frame, the adjusted
brightness value of that backlight block in a previous frame,
and a smoothness parameter, wherein the smoothness
parameter is related to a first threshold value, a second
threshold value, and a mean absolute difference value of the
intermediate brightness values of each backlight block in
images of adjacent frames.

Step S130: generating a brightness control signal accord-
ing to the adjusted brightness value of each backlight block,
so as to adjust brightness of the backlight source.

Furthermore, the method, for example, comprises:

Step S140: calculating an adjusted brightness value of a
pixel in each backlight block according to the adjusted
brightness value of each backlight block. Further, the
method comprises: obtaining light diffusion data of the
backlight source; downsampling the light diffusion data to
generate downsampled data; storing the downsampled data;
and upsampling the stored downsampled data to generate
upsampled data, and perform convolution operation on the
upsampled data with the adjusted brightness value of each
backlight block of the backlight source, so as to obtain the
adjusted brightness value of a pixel in each backlight block.
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Step S150: obtaining compensated image data according
to the initial image data, the adjusted brightness value of the
pixel, and an initial brightness value of the pixel, wherein the
compensated image data matches with the adjusted bright-
ness value of the pixel.

The present disclosure further provides a display device,
at least comprising a display panel, a backlight source
configured to provide a light source to the display panel, a
backlight source drive circuit configured to drive the back-
light source, and an apparatus for backlight control. Herein,
specific implementation of the apparatus for backlight con-
trol may refer to the above description, which will not be
repeated here. Herein, the display panel of the display device
may be a liquid crystal module, and the backlight source is,
for example, a direct type module. Further, the backlight
source is, for example, integrated in the display panel.

It should be noted that the values herein are only used for
illustrative description. In other embodiments of the present
disclosure, other values may also be used for achieving this
solution. Specifically reasonable setting should be made
according to the actual situation, which is not limited by the
present disclosure.

Finally, it should be noted that the above embodiments are
only examples to clearly illustrate the present disclosure,
rather than defining the embodiments. Those of ordinary
skill in the art may also make other changes or variations in
different forms on the basis of the above description. It is
unnecessary and impossible to enumerate all embodiments
here. The obvious changes or variations arising therefrom
are still within the scope of protection of the present dis-
closure.

It should also be understood that the terms and expres-
sions used herein are only used for description, and one or
more embodiments of this specification should not be lim-
ited to these terms and expressions. The use of these terms
and expressions does not mean the exclusion of equivalent
features of any illustrations and descriptions (or part
thereof). It should be recognized that various possible modi-
fications should also be included in the scope of claims.
Other modifications, changes and substitutions may also
exist. Accordingly, the claims should be deemed to cover all
these equivalents.

The invention claimed is:

1. An apparatus for backlight control, comprising:

a block brightness module, configured to calculate an
initial brightness value of each of backlight blocks in a
backlight source according to initial image data, which
corresponds to an initial image, wherein the initial
image is divided into a plurality of block regions
corresponding to the backlight blocks, respectively;

a filtering module, connected to the block brightness
module and configured to perform spatial filtering
processing and temporal filtering processing on the
initial brightness value of each of the backlight blocks
to obtain an adjusted brightness value of each of the
backlight blocks; and

a control module, connected to the filtering module and
configured to generate a brightness control signal
according to the adjusted brightness value of each of
the backlight blocks to control a backlight source drive
circuit to adjust brightness of the backlight source,

wherein an intermediate brightness value of each of the
backlight blocks obtained after the filtering module
performs the spatial filtering processing on the initial
brightness value of that the backlight block is greater
than or equal to the initial brightness value of that
backlight block,
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wherein for each of the backlight blocks, the block
brightness module is configured to obtain the initial
brightness value of that backlight block according to a
maximum grayscale value and an average grayscale
value of grayscale values of pixels in the block region
corresponding to that backlight block.

2. The apparatus for backlight control according to claim

1, wherein the filtering module comprises:

a spatial filtering unit, configured to perform Gaussian
filtering processing on the initial brightness values of
backlight blocks positioned around each of the back-
light blocks to obtain a filtered brightness value of that
backlight block, and to take a larger one of the initial
brightness value and the filtered brightness value of that
backlight block as the intermediate brightness value of
that backlight block.

3. The apparatus for backlight control according to claim

2, wherein the filtering module further comprises:

a temporal filtering unit, configured to obtain the adjusted
brightness value of each of the backlight blocks accord-
ing to the intermediate brightness value of that back-
light block in a current frame, the adjusted brightness
value of that backlight block in a previous frame, and
a smoothness parameter,

wherein the smoothness parameter is related to a first
threshold value, a second threshold value, and a mean
absolute difference value of the intermediate brightness
values of each of the backlight blocks in images of
adjacent frames.

4. The apparatus for backlight control according to claim

1, further comprising:

a pixel brightness module, connected to the filtering
module and configured to calculate an adjusted bright-
ness value of a pixel in each of the backlight blocks
according to the adjusted brightness value of each of
the backlight blocks; and

a compensation module connected to the pixel brightness
module and configured to obtain compensated image
data according to the initial image data, the adjusted
brightness value of the pixel, and an initial brightness
value of the pixel, wherein the compensated image data
matches with the adjusted brightness value of the pixel.

5. The apparatus for backlight control according to claim

4, wherein the pixel brightness module comprises:

a photographing unit, configured to obtain light diffusion
data of the backlight source;

a sampling unit, configured to downsample the light
diffusion data to generate downsampled data;

a storage unit, connected to the sampling unit and con-
figured to store the downsampled data; and

a first calculation unit, connected to the storage unit and
the filtering module, respectively, and configured to
upsample the downsampled data being stored to gen-
erate upsampled data, and to perform convolution
operation on the upsampled data with the adjusted
brightness value of each of the backlight blocks of the
backlight source, so as to obtain the adjusted brightness
value of the pixel in each of the backlight blocks.

6. The apparatus for backlight control according to claim

1, wherein the block brightness module comprises:

a block region analysis unit, configured to divide the
initial image into thea plurality of non-overlapped
block regions corresponding to the backlight blocks of
the backlight source, respectively;

a second calculation unit, configured to calculate a gray-
scale value of each pixel in each of the plurality of
block regions, to mark a maximum grayscale value of
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each of the plurality of block regions, and to calculate
an average grayscale value of each of the plurality of
block regions, wherein the grayscale value of each
pixel is a maximum grayscale value of subpixels in that
pixel; and

a third calculation unit, configured to obtain a grayscale
value of each of the plurality of block regions accord-
ing to the maximum grayscale value of each of the
plurality of block regions, the average grayscale value
of each of the plurality of block regions, and a balance
parameter, and to obtain the initial brightness value of
each of the backlight blocks corresponding to a corre-
sponding one of the plurality of block regions accord-
ing to the grayscale value of the corresponding one of
the plurality of block regions.

7. A method for backlight control, comprising:

calculating an initial brightness value of each of the
backlight blocks in a backlight source according to
initial image data, which corresponds to an initial
image, wherein the initial image is divided into a
plurality of block regions corresponding to the back-
light blocks, respectively;

performing spatial filtering processing and temporal fil-
tering processing on the initial brightness value of each
of the backlight blocks to obtain an adjusted brightness
value of each of the backlight blocks; and

generating a brightness control signal according to the
adjusted brightness value of each of the backlight
blocks, so as to adjust brightness of the backlight
source,

wherein an intermediate brightness value of each of the
backlight blocks obtained after the spatial filtering
processing is performed on the initial brightness value
of that the backlight block is greater than or equal to the
initial brightness value of that backlight block,

wherein for each of the backlight blocks, the block
brightness module is configured to obtain the initial
brightness value of that backlight block according to a
maximum grayscale value and an average grayscale
value of grayscale values of pixels in the block region
corresponding to that backlight block.

8. The method for backlight control according to claim 7,
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taking a larger one of the initial brightness value and the
filtered brightness value of each of the backlight blocks
as the intermediate brightness value of that backlight
block.
9. The method for backlight control according to claim 8,
wherein step of performing temporal filtering processing on
the initial brightness value of each of the backlight blocks
comprises:
obtaining the adjusted brightness value of that backlight
block according to the intermediate brightness value of
that backlight block in a current frame, the adjusted
brightness value of that backlight block in a previous
frame, and a smoothness parameter,
wherein the smoothness parameter is related to a first
threshold value, a second threshold value, and a mean
absolute difference value of the intermediate brightness
values of each of the backlight blocks in images of
adjacent frames.
10. The method for backlight control according to claim
7, further comprising:
calculating an adjusted brightness value of a pixel in each
of the backlight blocks according to the adjusted bright-
ness value of each of the backlight blocks; and

obtaining compensated image data according to the initial
image data, the adjusted brightness value of the pixel,
and an initial brightness value of the pixel, wherein the
compensated image data matches with the adjusted
brightness value of the pixel.

11. The method for backlight control according to claim
10, wherein step of calculating an adjusted brightness value
of a pixel in each of the backlight blocks according to the
adjusted brightness value of each of the backlight blocks
comprises:

obtaining light diffusion data of the backlight source;

downsampling the light diffusion data to generate down-

sampled data;

storing the downsampled data; and

upsampling the downsampled data being stored to gen-

erate upsampled data, and performing convolution
operation on the upsampled data with the adjusted
brightness value of each of the backlight blocks of the
backlight source, so as to obtain the adjusted brightness
value of the pixel in each of the backlight blocks.

12. A display device, comprising:

a display panel;

wherein step of performing spatial filtering processing on
the initial brightness value of each of the backlight blocks 45
comprises:
performing Gaussian filtering processing on the initial
brightness values of backlight blocks positioned around
each of the backlight blocks to obtain a filtered bright-
ness value of that backlight block; and L

a backlight source, configured to provide a light source for
the display panel;

a backlight source drive circuit, configured to drive the
backlight source; and

the apparatus for backlight control according to claim 1.



